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SEMICONDUCTOR INTEGRATED CIRCUIT
AND OBJECT-DISTANCE MEASURING
APPARATUS

CROSS-REFERENCE TO RELAT
APPLICATION

s
w

The present application claims priority from Japanese

Patent Application No. 2012-169102 filed on Jul. 31, 2012,
the content of which 1s hereby incorporated by reference 1nto
this application.

TECHNICAL FIELD OF THE INVENTION

The present invention relates to a measuring technique of a
distance to an object utilizing a light-section method, for
example, to a technique effectively applied to an object-dis-
tance measuring apparatus suitable for use in a peripheral
monitoring device or the like 1n an 1n-vehicle environment
and a semiconductor integrated circuit which performs pro-
cessing 1n the object-distance measuring apparatus.

BACKGROUND OF THE INVENTION

In a vehicle such as an automobile, 1n order to contribute to

the assistance of driving and the reduction of accidents, a
technique for recognizing and detecting the presence of a
peripheral object around a vehicle has been studied. For
example, as a technique using the light-section method uti-
lizing slit light, Japanese Patent Application Laid-Open Pub-
lication No. 2011-7711 (Patent Document 1) describes a
three-dimensional shape measuring apparatus which
includes a light source array, a camera that images a moni-
toring region, and an image recognizing section, and mea-
sures the shape of a solid object around a vehicle by the
light-section method.
In the technique described 1n Patent Document 1, light
emitted from the light source array 1s regarded as pseudo slit
light having an irradiation pattern that includes a line segment
obtained by connecting light source centers of lights emitted
from respective light sources. In the 1image recognizing sec-
tion, a distance at an 1rradiation position on a solid object
from the camera 1s calculated according to the triangulation
principle based on a difference between the irradiation pattern
and information of the 1rradiation position of the pseudo slit
light estimated on the basis of luminance data of respective
pixel lines from 1image data imaged with respect to the moni-
toring region irradiated with the pseudo slit light.

SUMMARY OF THE INVENTION

In the technique described in Patent Document 1, since an
existing vehicle-mounted lamp or the like can be used as a
light source of the pseudo slit light instead of a light source
such as a laser light source and also an existing vehicle-
mounted camera such as a rearview camera can be used as the
camera for imaging a region irradiated with the pseudo slit
light, 1t 1s possible to establish a measuring apparatus sately
and at a low cost.

In the technique described in Patent Document 1, however,
diffusion light from a vehicle-mounted lamp or the like serv-
ing as a light source 1s used, from which the pseudo slit light
1s obtained. Therefore, depending on a shape (for example, a
rod-like object) and a position of an object to be measured, a
correct irradiation position of pseudo slit light cannot be
determined due to irradiation of the diffusion light on the
object, and error occurs 1n the result of distance measurement
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2

in some cases. Other problems and novel features will
become apparent from the description 1n this specification
and the accompanying drawings.

An object-distance measuring apparatus according to an
embodiment includes: a correction object determining sec-
tion which determines whether or not, on an 1maging plane in
image data obtained by imaging an object wrradiated with
diffusion light from a light source by a camera, a region which
can be regarded to be 1n a state where a rod-like object has
been wrradiated with the diffusion light exists; a measurement
point calculating section which estimates a light source center
position of the diffusion light based on information of a
luminance distribution of the diffusion light 1n the image data
to set the light source center position as a measurement point;
and a distance calculating section which calculates a distance
between the object at the measurement point and the camera
or the light source according to triangulation based on a
horizontal distance between the center of the imaging plane in
the 1mage data and the measurement point, the positions of
the camera and light source, and an 1imaging direction angle of
the camera.

According to the embodiment, an error in the result of
distance measurement which may occur depending on the
shape and the position of the object to be measured due to the
use of diffusion light as a light source can be reduced.

BRIEF DESCRIPTIONS OF THE DRAWINGS

FIG. 1 1s a diagram showing an outline of a configuration
example of an object-distance measuring apparatus accord-
ing to an embodiment;

FIG. 2 1s a diagram for describing an outline of handling of
pseudo slit light and measurement points according to an
embodiment;

FIG. 3 1s a diagram for describing an outline of triangula-
tion 1n a light-section method according to an embodiment;

FIG. 4 1s a diagram showing an outline of an example of
measurement of a distance to an object according to an
embodiment;

FIG. 5A 1s a diagram for describing an example of devia-
tion of a measurement point according to an embodiment;

FIG. 5B 1s a diagram for describing an example of devia-
tion of a measurement point according to an embodiment;

FIG. 5C 1s a diagram for describing an example of devia-
tion of a measurement point according to an embodiment;

FIG. 6 1s a diagram showing an outline of an example
where an error occurs 1n distance measurement in a related
art;

FIG. 7 1s a diagram for describing an outline of an example
ol a method for estimating a center position of a light source
according to an embodiment;

FIG. 8 1s a diagram for describing an outline of an example
of a method for estimating an axis of a rod-like object accord-
ing to an embodiment; and

FI1G. 9 15 a flowchart showing an example of a process tlow
for measuring a distance to an object according to an embodi-
ment.

DESCRIPTIONS OF THE PREFERRED
EMBODIMENTS

Hereiaiter, embodiments of the present invention will be
described 1n detail with reference to the accompanying draw-
ings. Note that the same components are denoted by the same
reference symbols throughout the drawings for describing the
embodiments, and the repetitive description thereof will be
omitted.
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In an object-distance measuring apparatus according to the
present embodiment, a light source of diffusion light and a
camera that images a region which is 1irradiated with the light
from the light source to acquire 1image data are used to mea-
sure a distance between an object existing 1n the region which
1s 1rradiated with the light and the camera by utilizing pseudo
slit light obtained from the diffusion light by a light-section
method. As the light source, for example, a tail lamp, a brake
lamp, a back lamp or the like which 1s mounted on a vehicle
such as an automobile can be used, and as the camera, when
there 1s a camera mounted for monitoring rearward of a
vehicle, the camera can be used. Therelore, it 1s possible to
establish the object-distance measuring apparatus by use of
ex1isting devices mounted on a vehicle such as an automobile
at a low cost.

Further, as described later, in the object-distance measur-
ing apparatus according to the present embodiment, since a
case where an error may occur in the result of distance mea-
surement due to the irradiation of diffusion light on an object,
such as the case where an object has a rod-like shape or the
like or the case where the position of an object deviates from
the position of the pseudo slit light, 1s detected and a distance
1s measured after a predetermined correction has been per-
formed, an error can be reduced.

FIG. 1 1s a diagram showing an outline of a configuration
example of an object-distance measuring apparatus accord-
ing to the present embodiment. An object-distance measuring
apparatus 1 1s an apparatus which includes respective sections
mounted as a semiconductor integrated circuit or soitware,
such as a control section 10, an 1mage processing section 20,
and an output section 30, and a light source 11 and a camera
12, and measures a distance to a peripheral object 2 by the
light-section method. Further, the object-distance measuring
apparatus 1 may have a monitor 31 for displaying a measure-
ment result. As described above, the object-distance measur-
ing apparatus 1 1s mounted on a vehicle such as an automobile
to measure a distance to the object 2 in a monitoring region
around the vehicle and display the measurement result on the
monitor 31. In addition to displaying, the behavior of the
vehicle 1tself may be controlled based on the measurement
result.

The light source 11 1s made up of, for example, an LED
(light emitting diode) 1llumination tool or the like which 1s
widely used as a vehicle-mounted lamp or the like, and 1t
generates slit light for performing a light-section method to
irradiate the monitoring region with the slit light. Since the
light emitted from the light source 11 1s not laser beam but
diffusion light, this 1s to be handled as pseudo slitlight resem-
bling the slit light according to the method described later.
The camera 12 15 a digital video camera or a digital camera
which can 1image a situation of irradiation to the object 2 from
the light source 11 1n the monitoring region to acquire the
same as 1mage data, and a vehicle-mounted rearview moni-
toring camera can be used as the camera 12. The control
section 10 controls operations of the light source 11 and the
camera 12 (for example, turning-on and turning-oif of the
light source 11 and 1maging operation of the camera 12).

The 1mage processing section 20 has respective sections
such as a correction object determining section 21, a mea-
surement point calculating section 22, and a distance calcu-
lating section 23. A main processing 1n the object-distance
measuring apparatus 1 such as the analysis of 1image data
imaged by the camera 12 (1image data in which the state where
the object 2 1s 1irradiated with light from the light source 11 1s
imaged) and the calculation of the distance to the object 2
according to the triangulation principle using the light-sec-
tion method 1s performed by these respective sections.
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The correction object determining section 21 analyzes the
image data imaged by the camera 12 to determines whether or
not the object 2 lies 1n a state where an error may occur 1n the
result of distance measurement (whether or not correction 1s
required for the object 2). The measurement point calculating,
section 22 analyzes the image data imaged by the camera 12,
specifies positions where the object 2 1s irradiated with the
pseudo slit light from the light source 11 for respective scan-
ning lines 1n a horizontal direction, and sets the positions as
measurement points for measuring the distance according to
the triangulation. When the correction object determiming
section 21 determines that the object 2 lies 1n the state where
an error may occur in the result of distance measurement,
predetermined correction 1s performed with respect to the
measurement points. The distance calculating section 23 cal-
culates the distance to the object 2 according to the triangu-
lation based on respective measurement points calculated by
the measurement point calculating section 22. Processing in
the respective sections of the image processing section 20 will
be described 1n detail later.

The output section 30 outputs the measurement result of
the distance to the object 2 1n the 1image processing section 20
to the monitor 31 or the like. For example, information about
the measured distance can be displayed on the monitor 31
together with an 1mage of the monitoring region behind the
vehicle which has been imaged (is being imaged) by the
camera 12. Also, when the vehicle comes very close to the
object 2, control to stop the vehicle or the like can be per-
formed by outputting the result of distance measurement to a
mechanism (not shown) for controlling the behavior of the
vehicle.

FIG. 2 1s a diagram for describing an outline of handling of
the pseudo slit light and the measurement point according to
the present embodiment. Incidentally, 1n the descriptions in
FIG. 2 and figures subsequent thereto, a direction of 1rradia-
tion of light from the light source 11 1s defined as a z direction
and a plane perpendicular to the z direction 1s defined as an
x-y plane (x axis 1s a horizontal direction) . The example 1n
FIG. 2 shows image data imaged by the camera 12 when a
plate-like object 2 exists on the x-y plane, namely, when
whole diffusion light from the light source 11 centered at the
light source center lib 1s 1rradiated on the x-y plane.

The light-section method using slit light cannot be applied
when such diffusion light remains as 1t 1s. In this embodiment,
therefore, a line extending 1n a vertical direction (y direction)
ol a portion near the center with the highest luminance of the

diffusion light from the light source 11 1s handled as pseudo
slit light 11a, with which the light-section method 1s applied.

More specifically, by assuming that the luminance of the
diffusion light shows a two-dimensional normal distribution
of x-y and by taking a plurality of scanning lines 12a along the
X direction, luminance distributions 1256 (normal distribu-
tions) on the respective scanming lines 12a are calculated.
Here, from the distribution of the actual luminance data of
respective pixels on the scanning line 124, a maximum like-
lithood estimation of a normal distribution curve 1s performed
by using, for example, EM (expectation-maximization) algo-
rithm or the like. Further, a line obtained by calculating posi-
tions corresponding to peaks of normal distributions on the
respective scanning lines 12a and connecting the positions 1s
handled as the pseudo slit light 11a. Therefore, when the
object 2 1s 1rradiated with the pseudo slit light 114, positions
corresponding to peaks of the normal distributions of lumi-
nance on the respective scanming lines 12a constitute mea-
surement points 12¢ (irradiation position of the pseudo slit
light 11a to the object 2) 1n the triangulation.
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FIG. 3 1s a diagram for describing an outline of triangula-
tion 1n the light-section method according to the present
embodiment.

FIG. 3 shows a state on the x-z plane, where the light source
11 and the camera 12 are arranged at a position L and a
position C along the x-axis direction, respectively, and the
light source 11 irradiates the pseudo slit light 11a as shown 1n
FIG. 2 1n the z-axis direction perpendicular to the x axis. The
orientation of the camera 12 1s adjusted so as to take an image
in an irradiation direction of the pseudo slit light 11a from the
light source 11, and an 1image center F on an imaging plane 13
of the camera 12 serves as a reference point of distance
measurement by the triangulation.

More specifically, when the measurement point 12c¢ 1s
located at a position of the image center (the image center F 1n
the example shown 1n FIG. 3), the object 2 1s at a position Oy,
so that a distance CO,, between the camera 12 and the object
2 takes a known value which can be calculated from known
parameters such as a distance LC between the light source 11
and the camera 12 and an angle 0 of the imaging direction of
the camera 12 (the distance 1s the same as a focal distance CF
when the focal position rests on an optical axis of the pseudo
slit light 11a).

On the other hand, when the measurement point 12¢ 1s
located at a position O,' on the left side of the image center 1n
the horizontal direction, the object 2 1s eventually at a position
O, close to the camera 12, so that a distance CO, between the
camera 12 and the object 2 can be calculated from the distance
LC and an angle (0-®,). Incidentally, the angle ®, can be
calculated from a horizontal distance 1, between the image
center and the position O,' on the imaging plane 13 and the
tocal distance CF. Similarly, when the measurement point 12¢
1s located at a position O,' onthe right side of the image center
F in the horizontal direction, the object 2 1s at a position O, far
from the camera 12, so that a distance CO. between the
camera 12 and the object 2 can be calculated from the distance
L.C and an angle (0+®, ). Incidentally, 1n this embodiment, the
distance from the camera 12 to the object 2 1s measured as the
distance to the object 2, but the distance from the light source
11 may be measured as the distance to the object 2.

FIG. 4 1s a diagram showing an outline of an example of
measurement of a distance to the object 2 according to the
present embodiment. In the example shown in FIG. 4, the
object-distance measuring apparatus 1 according to this
embodiment 1s mounted on a vehicle 3 and a tail lamp and a
rearview camera are used as the light source 11 and the
camera 12, respectively. Further, FI1G. 4 shows that the object
2 has a rod-like shape. It 1s not rare that such a rod-like
obstacle exists around the vehicle. Incidentally, 1n addition to
the case where the object 2 which 1s a rod-like object exists on
a projection plane of light from the light source 11 as shown
in FI1G. 4, there may be a state where the object 2 1s projected
on the projection plane as a rod-like object (state similar to
that irradiating a rod-like object with the light from the light
source 11). In these states, since the pseudo slitlight 11a from
the light source 11 1s actually diffusion light, deviation occurs
in the determination of the measurement points 12¢, and as a
result, an error occurs 1n distance measurement 1n Some cases.

FIGS. 5A to 5C are diagrams for describing an example of
the deviation of the measurement point 12¢ according to the
present embodiment. For example, FIG. 5A shows a state
where a plate-like object 2 positioned on the x-y plane of the
imaging plane 13 1s wrradiated with diffusion light from the
light source 11 like the case shown in FIG. 2. In this case,
respective measurement points 12¢ are calculated 1n the por-
tion determined as the pseudo slitlight 11a. More specifically,
since the respective measurement points 12¢ are obtained by
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actually 1irradiating the object 2 with the pseudo slit light 114,
the distance to the plate-like object 2 can be properly mea-
sured based on the respective measurement points 12c¢.

On the other hand, FIG. 5B shows a state where a rod-like
object 2 existing 1n a state as shown 1n FI1G. 4 1s irradiated with
diffusion light from the light source 11. In this case, a region
of the object 2 does not exist on the portions determined as the
pseudo slit light 11a on the respective scanming lines 12a, but
the region of the object 2 exists on other portions. Since these
portions are not irradiated with light i the light 1s real slit light
which 1s not the diffusion light, they should not be calculated
as the measurement points 12¢, and therefore, the state where
the measurement points 12¢ do not exist on these scanning
lines 12a should be determined. However, since the pseudo
slit light 11a 1s actually diffusion light, as illustrated, the
positions on the object 2 1rradiated with a diffusion portion of
the diffusion light are eventually calculated as the measure-
ment points 12¢.

As a result, since these measurement points 12¢ are posi-
tioned on the right side of the image center, 1t 1s determined 1n
the related art that the object 2 exists at a farther position as
shown 1in FIG. 3, and an error occurs 1n the result of distance
measurement. FIG. 6 1s a diagram showing an outline of an
example where an error occurs 1n distance measurement 1n a
related art. More specifically, 1n the case of the example
shown 1n FIG. 5B, for example, a measurement result similar
to a case where a plate-like object 4 exists 1n a state where an
upper portion thereof i1s inclined toward the light source 11
and the camera 12 as shown in FIG. 6 1s obtained.

In FIG. 5B, the case where the object 2 1s a rod-like object
1s shown as an example, but such a situation may occur even
when the object 2 1s not the rod-like object. For example, FIG.
5C shows a state where a rectangular parallelepiped object 2
as an object having a shape other than a rod-like shape exists
in a state of deviating from the portion determined as the
pseudo slit light 11 to the right side. Also 1n this case, since
the pseudo slit light 11a1s actually diffusion light like the case
described above, a left end portion of the object 2 which 1s not
included 1n the portion determined as the pseudo slit light 114
1s calculated as the measurement point 12¢, and as a result, an
error occurs 1n the result of distance measurement like the
case described above.

As described above, 1n the shape and the arrangement state
ol the object 2 that cause the state where a region of the object
2 does not exist at an 1rradiation position of a portion deter-
mined as the pseudo slit light 11a on the respective scanning
lines 12a on the imaging plane 13 and the region of the object
2 exists at other portions, the measurement points 12¢ for
measuring the distance by triangulation cannot be measured
correctly. As a result, an error occurs 1n the measurement
result of the distance of the object 2 at a height position of the
scanning line 12a.

Therefore, 1n this embodiment, a center position of irradia-
tion from the light source 11 1s estimated from a situation
(luminance distribution) of irradiation of diffusion light to the
object 2, and this 1s set as the measurement point 12¢. More
specifically, assuming that a flat plate like that 1n the example
shown 1n FIG. 5A exists at the position of the object 2, a
position corresponding to the center of diffusion light (center
of the pseudo slit light 11a) from the light source 11 1rradiat-
ing the flat plate 1s estimated, and this 1s set as the measure-
ment point 12¢ for the object 2. In this manner, a plurality of
measurement points 12¢ which are calculated on respective
scanning lines 12a when the related art 1s used are converted
to one measurement point 12¢ (center position of the light
source 11).
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FI1G. 7 1s a diagram for describing an outline of an example
of a method for estimating a center position of the light source
11 according to this embodiment. For example, when a rod-
like object 2 exists (1s being imaged) on the imaging plane 13
like the example shown 1n FIG. 5B, normal distribution esti-
mation of the luminance distribution 1s performed along an
axial direction of the rod-like object 2 to obtain an axial
luminance distribution 124. An 1ntersection point between a
normal line passing through the position of the peak of the
axial luminance distribution 124 on an axis of the object 2 to
be perpendicular to the axial direction of the object 2 and a
light source center locus 12e showing a locus which the center
position of the light source 11 can take on the imaging plane
13 1s set as an estimation light source center 12f (namely,
measurement point 12¢) for the object 2.

Here, the light source center locus 12¢ 1s a straight line
showing a locus of the 1rradiation position of the light source
center 1n accordance with the distance to the object 2, and 1t
shows a locus of movement of the center position of the light
source 11 when the distance to the object 2 1s changed (for
example, the plate-like object 2 1s moved along the z axis) 1n
a state ol irradiating the plate-like object 2 arranged on the x-y
plane with the diffusion light from the light source 11 like the
example shown in FIG. 5A. For example, by obtaining center
positions of the light source 11 1n advance by 1rradiating the
plate-like object 2 with the diffusion light from the light
source 11 at at least two positions having difference distances,
the straight line of the light source center locus 12¢ can be
approximately obtained from these center positions.

FIG. 8 1s a diagram for describing an outline of an example
of a method for estimating an axis of the rod-like object 2
according to the present embodiment. When the estimation
light source center 12/ (namely, the measurement point 12¢ 1n
this case) 1s to be obtained by the method shown in the
example 1 FIG. 7, 1t 1s necessary to estimate the axis of the
rod-like object 2. In this embodiment, for example, by utiliz-
ing the feature that the luminance distribution of the region of
the rod-like object 2 on the imaging plane 13 becomes longest
in the axial direction of the object 2, the axis of the object 2 1s
estimated from an angle at which the width of the luminance
distribution becomes largest.

Specifically, for example, pixels whose luminance values
exceed a predetermined threshold are extracted as notice pix-
cls 12g, and for each of the notice pixels 12g, a plurality of
straight lines having a rotation angle from 0° to 179° (for
example, 1n increments of 1°) centered at the notice pixel 12¢
are considered. For each of the straight lines, normal distri-
bution estimation of luminance distributions of pixels on the
respective straight lines 1s performed to obtain an angle at
which the width of the normal distribution becomes largest,
and this 1s set as an estimation axis angle 12/ of the notice
pixel 12g.

The estimation axis angle 12/ 1s obtained for each of the
notice pixels 12¢, and the notice pixels 12g having the same
value as the value of the estimation axis angle 12/ with the
highest appearance frequency (or a value falling within a
fixed range centered around the value) as the estimation axis
angle 12/ are extracted. By applying the straight-line
approximation to a group of the extracted notice pixels 12g,
an object estimation axis 2' can be obtained. Thereafter, as
described above, normal distribution estimation 1s performed
to the luminance distribution on the object estimation axis 2'
to acquire the axial luminance distribution 124, and a normal
line to the object estimation axis 2' 1s drawn from a position
corresponding to the peak of the normal distribution. An
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intersection point between the normal line and the light
source center locus 12¢ 1s set as the estimation light source
center 12f.

In the method described above, the axis of the rod-like
object 2 1s estimated based on luminance distributions on the
straight lines passing through the respective notice pixels 12g.
According to this method, the object estimation axis 2' can be
virtually obtained by straight-line approximation not only in
the case where the object 2 1s a linear rod-like object but also
in the case where 1t has a curved line, a bend or the like.
Further, even when correction must be performed due to the
position of the object 2 like an example shown 1n FIG. 5C, the
object estimation axis 2' and the estimation light source center
12/ can be obtained by the similar method by assuming as 1
the rod-like object 2 exists at the position including the mea-
surement points 12¢. Incidentally, 1t goes without saying that
the above-described estimation method of the estimation
light source center 12f (including the estimation method of
the object estimation axis 2' and others) 1s one example and
another estimation method can be used.

FI1G. 9 1s a flowchart showing an example of a process tlow
for measuring a distance to the object 2 according to the
present embodiment. When the processing for distance mea-
surement starts, the object-distance measuring apparatus 1
first causes the control section 10 to lighten the light source 11
to 1rradiate the object 2 positioned in the monitoring region
with light and also 1mage the state of the object 2 rradiated
with light by the camera 12 (S01). Obtained 1mage data 1s
delivered to the 1image processing section 20. Operations of
the light source 11 and the camera 12 may be continued or
stopped according to need.

The 1mage processing section 20 which has acquired the
image data causes the correction object determiming section
21 to determine whether or not the rod-like object 2 to be
corrected exists in the image data according to the method
shown 1n FI1G. 8. Specifically, as described above, for each of
the pixels on the image data, pixels whose luminance values
are equal to or more than a predetermined threshold are
extracted as notice pixels 12g (S02). Next, for each of the
notice pixels 12¢g extracted at Step S02, a plurality of straight
lines having a rotation angle from 0° to 179° (1n increments of
1°) centered at each of the notice pixels 12¢g are set, and
normal distribution estimation 1s performed to luminance
distributions on the respective straight lines to determine the
angle at which the width of the normal distribution becomes
largest as the estimation axis angle 12/ of the notice pixel 12g
(S03).

Thereatter, with respect to the notice pixels 12g extracted
at Step S03, the notice pixels 12g having the same value as the
value of the estimation axis angle 12/ with the highest appear-
ance frequency (or a value falling within a fixed range cen-
tered around the value) as the estimation axis angle 12/ are
extracted (504). Further, by applying a straight-line approxi-
mation to a group of the notice pixels 12¢ extracted at Step
S04 according to an arbitrary method, the object estimation
axis 2' 1s calculated (S05). Thereafter, 1t 1s determined
whether or not the object estimation axis 2' estimated at Step
S05 1s appropnate (S06).

For example, 1n a case where the straight-line approxima-
tion 1s not approprate, such as the case where the degree of
dispersion of the respective notice pixels 12g from the
obtained approximation straight line 1s equal to or larger than
a predetermined threshold or the case where the number of
extracted notice pixels 12¢g 1s less than a predetermined num-
ber, 1t 1s determined that a region which can be regarded to be
in a state where the rod-like object 2 has been 1rradiated with
diffusion light cannot be detected (the rod-like object 2 to be
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corrected does not exist), and the distance to the object 2 1s
measured by a method similar to the related art without per-
forming the correction according to the present embodiment.
More specifically, normal distribution estimation 1s per-
formed to the luminance distributions of pixels on the respec-
tive scanning lines 12a by the measurement point calculating
section 22 to set the positions of the peaks of the normal
distributions as the measurement points 12¢ (507), and the
distance to the object 2 1s calculated according to the trian-
gulation by the distance calculating section 23 for each of the
measurement points 12¢ (S10).

On the other hand, when the object estimation axis 2'
estimated at Step S0S5 1s appropriate (or except the case where
the object estimation axis 2' 1s inappropriate), it 1s determined
that a region which can be regarded to be 1n a state where the
rod-like object 2 has been 1rradiated with diffusion light can
be detected. Then, normal distribution estimation 1s per-
formed to the luminance distributions of the pixels on the
object estimation axis 2' to acquire an axial luminance distri-
bution 124 and calculate a position corresponding to the peak
of the normal distribution by the measurement point calcu-
lating section 22 (S08). Further, a normal line to the object
estimation axis 2' 1s calculated from the position of the peak
obtained at Step S08, and the estimation light source center
12/1s obtained from an intersection point between the normal
line and the straight line of the light source center locus 12e
calculated 1n advance to set the estimation light source center
12/ as the measurement point 12¢ (S09).

Thereafter, a distance to the object 2 1s calculated accord-
ing triangulation with respect to the measurement point 12¢
by the distance calculating section 23 (S10). For example,
information about the obtained distance can be displayed on
the monitor 31 along with the image data obtained by the
camera 12 by the output section 30 or can be used for the
control of the vehicle.

As described above, by estimating the center position of

the light source 11 to correct the measurement point 12¢ in
accordance with situations such as that the object 2 1s a
rod-like object and an arrangement position thereof deviates,
it 1s possible to measure the distance to the object 2 more
properly. In order to confirm this point, the applicant per-
formed experiments for measuring the distance to the object
2 1n both of the case where the above-described method for
correction process was used and the case where the above-
described method was not used (the related art was used),
respectively.
In the experiments, a general LED lamp was used as the
light source 11 and a general Web camera (acquiring image
data with 128x96 pixels) used by connecting with a personal
computer or the like via USB (umiversal serial bus) was used
as the camera 12. These were fixed at positions separated
from each other by a distance of 17 cm so as to have a
positional relationship similar to the example shown 1n FIG.
2, and the measurement of the distance according to the
related art and the measurement of the distance using the
correction method of the present embodiment were per-
formed for the case (1) where the rod-like object 2 was
arranged at a position separated from the camera 12 by a
distance of 44 cm and for the case (2) where the rod-like
object 2 was arranged at a position separated from the camera
12 by 35 cm, respectively, and then, the measurement results
thereol were compared with each other.

Incidentally, the arrangement situation of the object 2 in the
above experiment (1) was similar to that shown 1n FIG. 5B, 1n
which a portion of the object 2 existed on the right side of a
portion determined as the pseudo slit light 11a. Further, 1in the
above experiment (2), the arrangement situation of the object
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2 was right-left reversed from that shown in FIG. 5B, in which
the portion of the object 2 existed on the ledt side of the pseudo
slit light 11a.

As the results of distance measurements, 1n the related art,
different distances were measured for respective measure-
ment points 12¢ on the respective scanning lines 12. More
specifically, they were 1n a range of 86 ¢cm to 137 ¢cm 1n the
experiment (1) and were in a range of 24 cm to 37 ¢cm 1n the
experiment (2), and the variations were observed in the mea-
surement results. Further, the error was significantly large 1n
the experiment (1). On the other hand, 1n the method accord-
ing to the present embodiment, since the measurement point
12¢ was at one point of the estimation light source center 12/,
no variation occurred in the measurement results, and the
distances were 47 ¢cm 1n the experiment (1) and 29 cm 1n the
experiment (2), and the measurement with reduced error
could be achieved.

As described above, 1n the object-distance measuring
apparatus 1 according to the present embodiment, for
example, the pseudo slit light 11a 1s obtained by utilizing a
tail lamp mounted on a vehicle such as an automobile as the
light source 11 to 1rradiate the object 2 existing 1n a monitor-
ing region with the pseudo slit light 114, and a camera for
monitoring the rearview similarly mounted on the vehicle 1s
used as the camera 12, so that a distance between the object 2
and the camera 12 can be measured by the light-section
method. At this time, for example, cases where an error may
occur 1n a result of distance measurement such as a case
where the object 2 has a rod-like shape and a case where the
position of the object 2 deviates from the position of the
pseudo slit light 11a are detected, and positions of the mea-
surement points 12¢ are corrected to a position of the estima-
tion light source center 12/, so that the error in these cases can
be reduced.

In the foregoing, the mvention made by the mnventors of the
present invention has been concretely described based on the
embodiments. However, it 1s needless to say that the present
invention 1s not limited to the foregoing embodiments and
various modifications and alterations can be made within the
scope of the present invention.

What 1s claimed 1s:

1. A semiconductor integrated circuit comprising:

a correction object determiming section which determines
whether or not, on an 1maging plane 1n i1mage data
obtained by 1imaging an object 1rradiated with diffusion

light from a light source by a camera, a region which can
be regarded to be 1n a state where a rod-like object has
been 1rradiated with the diffusion light exists;

a measurement point calculating section which, when the
region which can be regarded to be 1n a state where the
rod-like object has been irradiated with the diffusion
light exists on the imaging plane in the image data,
estimates a light source center position of the diffusion
light based on information of a luminance distribution of
the diffusion light 1n the 1image data to set the light source
center position as a first measurement point; and

a distance calculating section which calculates a distance
between the object at the first measurement point and the
camera or the light source according to triangulation
based on a horizontal distance between a center of the
imaging plane in the image data and the first measure-
ment point, positions of the camera and the light source,
and an 1maging direction angle of the camera.

2. The semiconductor integrated circuit according to claim

1,

wherein, when the region which can be regarded to be 1n a

state where the rod-like object has been irradiated with
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the diffusion light does not exist on the imaging plane 1n
the 1mage data, the measurement point calculating sec-
tion sets peak positions of luminance distributions of the
diffusion light on a plurality of scanning lines 1n a hori-
zontal direction 1in the 1mage data as respective second
measurement points, and

the distance calculating section calculates distances
between the object at the respective second measure-
ment points and the camera or the light source according
to triangulation based on horizontal distances between
the center of the imaging plane 1n the image data and the
respective second measurement points, the positions of
the camera and the light source, and the imaging direc-
tion angle of the camera.

3. The semiconductor integrated circuit according to claim

1,

wherein, with respect to notice pixels having luminance
equal to or more than a predetermined threshold in the
image data, the correction object determining section
calculates, as an estimation axis angle, an angle at which
a width of a luminance distribution curve of pixels on a
straight line of straight lines passing through the notice
pixels becomes largest, and

with respect to the respective notice pixels, extracts the
notice pixels having the estimation axis angle having the
same value as the estimation axis angle with the highest
frequency, and when straight-line approximation 1s pos-
sible for the position of the extracted notice pixel, deter-
mines that the region which can be regarded to be 1n a
state where the rod-like object has been irradiated with
the diffusion light exists on the imaging plane in the
image data.

4. The semiconductor integrated circuit according to claim

3 ’
wherein, with respect to an object estimation axis obtained
by straight-line approximation from the extracted notice
pixels, the correction object determining section esti-
mates, as the light source center position, an intersection
point between a normal line passing through a position
corresponding to the peak of a luminance distribution of
pixels on the object estimation axis to be perpendicular
to the object estimation axis and a straight line obtained
in advance showing a locus of an 1rradiation position of
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the light source center of the diffusion light on the 1imag-
ing plane in accordance with the distance to the object.
5. An object-distance measuring apparatus comprising:
a light source which 1rradiates an object with diffusion

light;
a camera which 1mages the object 1rradiated with the dif-
fusion light to obtain image data;
a control section which controls operations of the light
source and the camera; and
the semiconductor integrated circuit according to claim 2.
6. The object-distance measuring apparatus according to
claim 5, further comprising an output section which outputs
information about a distance between the object and the cam-
era or the light source calculated by the semiconductor inte-
grated circuit by a predetermined method.
7. The object-distance measuring apparatus according to
claim 5,
wherein the light source 1s a back lamp, a brake lamp, or a
tail lamp mounted on a vehicle or an LED lamp consti-
tuting another lamp for illuminating outside the vehicle,
and
the camera 1s a rearview camera mounted on the vehicle.
8. An object-distance measuring apparatus comprising:
a light source which irradiates an object with diffusion
light;
a camera which 1mages the object rradiated with the dif-
fusion light to obtain 1image data;
a control section which controls operations of the light
source and the camera; and
the semiconductor integrated circuit according to claim 4.
9. The object-distance measuring apparatus according to
claim 8, further comprising an output section which outputs
information about a distance between the object and the cam-
era or the light source calculated by the semiconductor inte-
grated circuit by a predetermined method.
10. The object-distance measuring apparatus according to
claim 9,
wherein the light source 1s a back lamp, a brake lamp, or a
tail lamp mounted on a vehicle or an LED lamp consti-
tuting another lamp for illuminating outside the vehicle,
and
the camera 1s a rearview camera mounted on the vehicle.
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